The starfish Asterias amurensis is one of the common species in Japanese coastal area. The species is considered an extremely rich source of biological active compounds, including saponin. Saponins are secondary metabolites and exhibit a wide spectrum of biological activities. The species of starfish caught in Kobe, Hyogo prefecture, Japan, was analyzed for species identification and micronutrient content. The starfish extract was evaluated for different biological properties and its fractions obtained using thin layer chromatography (TLC). Nucleotide sequence analysis of the 16S rRNA gene fragment of mitochondrial DNA indicated that partial sequences of PCR products of the species was identical with that of A. amurensis. The micronutrient contents results showed that nitrogen (N) content of the starfish was 1.50% of dry weight and the copper content was 2.10 µg/g. The crude extract of A. amurensis exhibited predominant growth inhibitory activity against six human fungal pathogens and also showed hemolytic activity against 2% sheep erythrocyte. The present findings suggest the possible pharmacological applications of A. amurensis that can be used as food ingredients and antifungal component.
INTRODUCTION
Nowadays, invasion of exotic species has become a major concern in the marine environment since the number of human-mediated introduction has increased (Ruiz et al., 2000) . Many studies researching marine invertebrates to determine the therapeutic potential of their bioactive materials have been showing very promising results (Lee et al., 2014) . Starfish are marine invertebrates and possess many useful pharmacological and biological activities. Oreaster reticulates, Luidia senegalensis and Echinaster sp. have been used as traditional medicine for thousands of years in China and North-eastern Brazil to treat asthma, bronchitis, diabetes, and heart and stomach diseases (Alves and Alves, 2011) . Various biological active compounds and *Corresponding author. E-mail: ginisaz05@yahoo.co.in.
Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution License 4.0 International License molecules have recently been identified from starfish such as glycosylceramide, steroidal glycosides, ceramide, and cerebrosides (Ishii et al., 2006; Suh et al., 2011) . Saponins are a group of natural plant glycosides, characterized by their strong foam-forming properties in aqueous solution that occur in a wide range of plant species (Osbourn, 1996) . The presence of saponin has been reported in more than 100 families of plants out of which at least 150 kinds of natural saponins have been found to possess significant anti-cancer properties (Man et al., 2010) . Saponins have also been commonly employed in some other sector in medical practice because of their potential health benefits. In addition, many plant saponins have been isolated and they exhibit broad spectrum of biological uses, such as anti-cancer, anti-inflammatory, ion channel blocking, immune stimulating, antifungal, and anti-thrombotic property (Lee et al., 2014; Thao et al., 2014) .
The starfish A. amurensis, called the northern Pacific starfish, is a predator of the marine benthic system that is listed in the top 100 invasive species globally (Lowe et al., 2000) . The species was identified as a serious pest species because of its ability to consume a wide range of food sources including mussels, scallops, and clams (Global invasive species database, 2016). The wastes of them results in serious environmental pollution. Furthermore the large outbreak of starfish causes significant loss of the marine ecosystem and fishing gears (Kim, 1969) . There is no effective method to control these large outbreaks of starfish. Recently, many studies have been conducted to examine the activity of saponin against bacteria, fungi and even tumor cells (Robin et al., 2013) . However, little information about the biological properties of starfish saponin has been reported. Extensive investigation of starfish, both chemically and pharmacologically, is now a demandable issue for utilization of starfish resources.
Therefore, it is necessary to clarify the molecular identification and biological properties of starfish for the advanced utilization of starfish resources. In this context, first of all species identification of starfish was done by PCR amplification method from the view point of large species variation. The micronutrient content of A. amurensis was evaluated for utilizing these in animal feed and plant growth promotion. Based on these experiments, we evaluated biological properties such as antifungal and hemolytic activity of A. amurensis.
MATERIALS AND METHODS

Sample collection
A. amurensis was collected from the coast of Kobe, Hyogo prefecture, Japan (latitude N d gitude f E in February 2014 and immediately brought to the laboratory in fresh conditions in ice. Freshly collected samples were immediately washed to remove mud and other particles and subsequently stored at -60°C until use.
Species identification based on DNA analysis
Genomic DNA was extracted from tube feet of starfish sample by using Quick gene-810 (Kurabo, Tokyo, Japan) as recommended by the manufacturer. The DNA concentration (ng/µl) was measured by a Biospec Nano (Shimadzu Corporation, Tokyo, Japan). A partial region of the mitochondrial 16S rRNA gene was amplified by the conventional polymerase chain reaction (PCR) using universal primers ( 6S rL, '-CGCCTGTTTATCAAAAACAT-' d 16SbrH, '-CCGGTCGAAACTCAGATCACGT-' PCR was performed in 50 µl volume containing 5 µ f ge mic DNA, μ f dNTP, μ f 0 × Ex T q buffer, 0 μ f Ex T q DNA p ymer se (T k r Shuz , J p , d µ f 0 μM f e ch primer PCR mp ific ti was performed with Veriti thermal cycler (Applied Biosystems, Foster City, CA, USA). Amplifying conditions were 98°C for 10 s in denaturing, 53°C for 30 s in annealing, and 72°C for 60s in extension for 30 cycles. The amplified PCR products were run in 1.2% agarose gel containing SYBR Safe DNA Gel Stain (Invitrogen, Carlsbad, CA, USA). The gel was run at 100 V for 30 min and visualized using LAS-4000 mini documentation system (Fujifilm Cooperation, Tokyo, Japan). The PCR samples were sequenced with BigDye® terminator V3.1 Cycle Sequencing Kit and ABI 3130 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) and the obtained sequence data were analyzed by SeqEd Version 1.0.3 (Perkin Elmer, Foster City, CA, USA) software. The sequences were subjected to blast search with national center for biotechnology information (NCBI) data base. These sequences were then aligned using the default settings in Clustal W package in the MEGA 6 software (Tamura et al., 2013) .
Analysis of inorganic components
The micronutrient content of starfish was determined. Briefly, starfish was cut into small pieces and 1 g of starfish sample dissolved in a furnace and diluted to 200 mL with 1 N HCl. The diluted solution was then analyzed using combustion thermal conductivity (CTC) and inductively coupled plasma (ICP) spectrophotometer method. Moisture content was determined with minced starfish sample by drying in an oven at a temperature of 105°C for 5 h (Luo et al., 2011) .
Preparation of crude extracts
The extraction procedure was followed according to the method described by Yasumoto et al. (1966) . Briefly, one kilogram of starfish was cut into small pieces and then minced using a food grinder (Kitchen Aid, St. Joseph, Michigan, USA). The extraction was carried out with 3 L of methanol and repeated twice with 2 L of methanol. The extract was filtered through Whatman filter paper No. 2. The filtrate was concentrated up to 250 ml with a rotary evaporator (EYELA, Tokyo, Japan) under reduced pressure at 45ºC. The concentrate was stirred with an equal volume of water (250 ml) and defatted with 250 ml benzene. After being freed from benzene, pH of the extract was adjusted to 3 with 1N hydrochloric acid and then neutralized using 1N sodium hydroxide. The extract was dialyzed through an ultra-filtration membrane (MWCO: 1000, Millipore-amicon, Billerica, MA, USA) and then partitioned with nbutanol three times. After the n-butanol extract was concentrated up to 150 ml, three volume of diethyl ether and a half volume of water were added. Finally, the aqueous layer was lyophilized and stored in a desiccator until further analysis. The crude extract samples (20 mg/ml) were applied to thin layer chromatography (TLC) plates (silica gel 60 F254, 10 × 20 cm, layer thickness 0.25 mm, particle size of 10-0 μm; Merck, D rmst dt, Germ y , developed in chloroform:methanol:water (65:35:10, lower phase) as the mobile phase. Plates were then sprayed with 50% sulfuric acid followed by heating at 110°C for 10 min.
Antifungal activity
The antifungal activity of the starfish extract was performed using standard well diffusion method. Fungal strains were obtained from the Japan Collection of Microorganisms (JCM) and NITE Biological Resource Center (NBRC). Two yeasts Saccharomyces cerevisiae (JCM 2194) and Rhodotorula glutinis (JCM 8173), the three filamentous fungi such as Aspergillus flavus (JCM 12721), Cladosporium sphaerospermum (NBRC 4460), and Fusarium oxysporum (NBRC 5942), and the dermatophyte fungi Trichophyton mentagrophytes (NBRC 32410) was tested. Yeast and filamentous fungi were cultivated on potato dextrose agar, DAIGO (3.9%). Dermatophyte fungi were cultivated on sabouraud agar (4% glucose, 1% bactotrypton and 2% agar). The antifungal activity was evaluated with the disc diffusion method described by Reinheimer et al. (1990) . One hundred microliters of cultured fungi was uniformly smeared on an agar plate by a smear loop. Then 8 mm diameter sterilized paper disc (Toyo Roshi Kaisha Ltd, Tokyo, Japan) was loaded with 70 µl of the crude extract sample at the concentrations of 10 mg/ml, and then placed on agar plate. Thereafter, the plates were incubated at 27°C for A. flavus, F. oxysporum, C. sphaerospermum and T. mentagrophytes for 48 h and at 30°C for S. cerevisiae and R. glutinis for 24 h. Tea seed saponin was obtained from Sigma Aldrich (St. Louis, MO, USA) used for positive control and distilled water was used for the negative control. A clear zone with a diameter was taken as antifungal activity. The whole analytical procedure of the experiment was carried out twice and replicated three times. The mean value of each experiment was considered for further data analyses.
Determination of minimum inhibitory concentration (MIC)
The fungal strains were grown on potato dextrose agar and sabouraud agar. After incubation, fungal growths were suspended in normal saline (0.9% NaCl). The minimum inhibitory concentration (MIC) values for each crude extract were determined through microdilution assay following a method described by Kumar et al. (2007) with minor modification. A 20 µl crude extract initially prepared (at the concentration of 10 mg/ml) and added into the first well. From here the solution was transferred into eight consecutive wells and then 10 µl inocula were added and kept in an incubator at 27°C (A. flavus, F. oxysporum and C. sphaerospermum) and 30°C (S. cerevisiae and R. glutinis). The fungal suspensions were adjusted with broth to a concentration of 1.0 to 5.0×10 3 spore/ml and stored at 4°C for further analysis. A control was maintained with only culture medium of fungal cells. Values obtained for crude extract was compared with the values from control and the difference is considered as growth inhibit on activity. MIC was defined as the lowest concentration of the compound to inhibit the growth of microorganisms. The experiments were done in 3 replicates and the mean values of the result were taken.
Hemolytic activity
Sheep blood was obtained from the Japanese Biological Center (Tokyo, Japan). Hemolytic activity was determined according to the method described by Charles et al. (2009) with slight modifications. Briefly, aliquot of 2 ml of blood were washed three times with PBS (phosphate buffer saline) solution (0.15 M NaCl-0.01M Tris-HCl, pH 7.0) by centrifugation at 1090 × g for 5 min at 4°C. Washed erythrocytes were suspended in the PBS solution to obtain a concentration of 2%. Then, 0.5 ml of erythrocytes and 1 ml of PBS solution were mixed with 0.5 ml diluents containing 1, 5, 10, 50, 100, 500, and 1000 µg/ml concentrations of individual crude starfish extract in PBS solution. The mixtures were incubated for 30 min at 37ºC and centrifuged at 270 ×g for 5 min. A volume of 1.5 ml PBS and distilled water were used as minimal and maximal hemolytic controls, respectively. After centrifugation, the presence of a suspension of a uniform red color was considered to indicate hemolysis, and a button formation in the bottom of the wells c stituted ck f hem ysis A v ume f 0 μ f e ch supernatant was transferred to a 96-well flat bottom micro plate, and the absorbance at 540 nm was measured with a micro plate reader (680 Microplate readers, BIO-RAD, Tokyo, Japan). Each sample was transferred three times into a 96-well micro plate. The experiments was done in triplicate and expressed as mean ± standard deviation (SD).
Data analysis
Statistical analyses were performed using SPSS software (SPSS 16.0, IBM, USA). Data are expressed as mean ± SD and compared with one way analysis of variance (ANOVA). Significant differences were determined by Tukey's test at p < 0.05 level.
RESULTS AND DISCUSSION
Identification of starfish species
First of all, species identification of starfish was done based on their phenotypic description including external structural appearance and morphological characteristics. Subsequently, species identification of starfish by DNAbased method was carried out by a direct DNA sequencing analysis. Partial nucleotide sequence data of 16S rRNA gene was compared with NCBI gene data base. Figure 1 shows aligned DNA sequences of the amplified partial 16S rRNA region from the samples. From the results of the alignment with the estimated species, it was found that the partial sequence of the PCR products from the sample was almost identical with those of A. amurensis (98.1%), although. Thus, it was confirmed that identification of starfish is enabled by using the nucleotide sequence encoding 16S rRNA gene of mtDNA. Mitochondrial gene order has been demonstrator to be one of the most useful methods for molecular identification (Matsubara et al., 2005) . Previous studies have reported that the rapid diversification and adaptation to modern environments may conceal the primitive status of asteroid groups (Blake, 1987) . Therefore, it was hypothesized that the universal primer (16SarL and 16SbrH) could be amplified in the partial region of A. amurensis. As a result, partial 16SrRNA region of the starfish used in this study could be amplified by using the universal primers. PCR products of A. amurensis had a length of approximately 400 bp ( Figure  1 ).
Analysis of inorganic components
The result of moisture and micronutrient contents of A. amurensis is shown in Table 1 . The Cu and As content were found with the similar value of 2.10 µg/g. Likewise, high level of Ca content was observed with the value of 9.40% of dry weight in the inorganic analysis coupled.
The results in Table 1 showed that there are no great differences on the micronutrient content (Hg, Cd, Pb) in starfish species. However, Cd, Cu and As contents had species-specificity. Ca and P are minerals that have an
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * important role to the development and maintenance of the skeleton, together with many other physiologic functions in the body (Bonjour, 2011) . The Ca content in fresh starfish is reported 12.97% by Sorensen (2015) but in our study we have got 9.40%, which might be due to the variation of species, size, season, source, analytical method etc. Moisture content of the starfish A. amurensis was detected as 63.9%, which was slightly lower than the starfish of A. planci with the value of 67.7 to 69.1% by weight (Luo et al., 2011) . When formulating diets for animals (pigs, chicken, and fish) or fertilizer for agriculture sector, it is necessary to consider an appropriate amount of micronutrient content. Ishii et al. (2007) reported that the plant growth regulating activities of metabolites from the starfish A. amurensis, suggest that these active natural products could be employed for maintaining ecofriendly agricultural production.
Antifungal activity
The antifungal spectra of the crude extract from starfish against six fungi are presented in Figure 2 . A. amurensis exhibited predominant growth inhibitory activity against all the human fungal pathogens tested. Growth inhibitory activity of A. amurensis was in the range of 14.4 to 25.5 mm. The strongest antifungal activity was observed in A. amurensis extract against T. mentagrophytes. Next to this, moderate levels of growth inhibitory activity were found against S. cerevisiae and A. flavus (Figure 2) . Choi et al. (1999) noted that the methanol and water extracts of Asterina pectinifera were sensitive to Aspergillus niger and T. mentagropytes. Recently, Suguna et al. (2014) reported that the highest antifungal activity found in nbutanol extract of Luidia maculate against T. mentagrophytes was 21.0 ± 1.00 mm. However, in our study, A. amurensis crude extract showed slightly higher zone inhibition activity (25.5 ± 1.15 mm) against T. mentagrophytes than that of L. maculate. In Figure 2 , zone of inhibition was found significantly highest (p<0.05) in T. mentagrophytes compared to R. glutinis, C. sphaerospermum and F. oxysporum but not with other two fungal species (S. cerevisiae and A. flavus). The difference in antifungal activity of starfish extract from various species, extracted using different procedures, differ in their biological activities (Sen et al., 1998) . Remarkable antifungal activity was exhibited by plant saponins from tea seed against S. cerevisiae and T. mentagrophytes with growth inhibitory activity of 24.1 and 23.1 mm, respectively. There was no growth inhibitory activity observed against A. flavus, R. glutinis, F. oxysporum, and C. sphaerospermum.
Minimum inhibitory concentration (MIC)
The extracts that showed antifungal activity in this assay were subjected to the minimum inhibitory concentrations Data are the average of 3 independent replicates. Crude extract was added with amount of 500 µg/ml. (MIC) evaluation and the results are presented in Table  2 . The crude extract of A. amurensis showed significant antifungal activity against A. flavus and T. mentagrophytes with the MIC value of 35.71 µg/ml for both. On the other hand, R. glutinis and F. oxysporum showed similar MIC value of 50.00 µg/ml. Among six fungal strain highest MIC value was obtained in C. sphaerospermum (83.30 µg/ml) followed by 62.5 µg/ml MIC in S. cerevisiae.
Hemolytic activity
Results of hemolytic activity have shown that, extract of A. amurensis exhibited the maximum hemolytic activity with 98.78 ± 7.63% at 1000 µg/ml concentration. There was no hemolytic activity observed at the concentration of 1 µg/ml while slightly activity observed at the concentration of 5 and 10 µg/ml. In general, the increase in concentration of test extracts from 50 to 1000 µg/ml has been found to increase the hemolytic activity ( Figure  3 ). The crude extract of A. amurensis exhibited strong activity against sheep erythrocytes. Our results support the findings of Imamichi and Yokoyama (2013) based on their ability to rupture erythrocytes. Hemolytic activity has been used by researchers to follow the isolation of saponin. It is the simplest and the fastest bioassay employed to detect and quantify some saponins and also for using clinical development (Choi et al., 2001) .
Thin layer chromatography (TLC) analysis
TLC analysis of starfish extract revealed 8 fractions in A. amurensis (Figure 4) . Figure 4 shows the chromatograms of A. amurensis crude extract consisted of several components, with R f values ranging from 0.29 to 0.92. The qualitative analysis using TLC plays an important Sharmin et al. 169 role in the study of saponin. Based on the analysis of the chromatogram and their retention factor, it was observed that these compounds consist together with the polar (1 to 6) and non polar (7 to 10) compounds. Raphaela et al. (2014) reported that the polarity of saponin varied because of the sugar units linked to its structure. According to Raphaela et al. (2014) the biological activity of saponins may be affected by many factors such as the aglycone, number, position, and chemical structure of sugar side-chains. Many natural products and materials from marine animals have been used to treat various kind of disease and might be good substances for the development drugs in pharmaceutical sector.
Conclusion
In this study, we analyzed 16S rRNA gene fragment of mitochondrial DNA and confirmed that 16S rRNA markers are useful and applicable to identify A. amurensis species. The present study revealed the potential antifungal and hemolytic activity of starfish A. amurensis. The biological properties of A. amurensis extended by starfish crude extract are very much appreciable for the future development of novel functional food and pharmaceutical ingredients. Furthermore, the current results have motivated us to carry further studies on isolation and characterization of the bioactive compounds of this starfish in order to evaluate their mechanism and mode of action.
